The genus Lacinutrix was proposed to accommodate aerobic, Gram-negative, rod-shaped, non-gliding, catalase-positive, golden-yellow bacteria within the family Flavobacteriaceae (Bowman & Nichols, 2005) . The genus description was subsequently emended by Nedashkovskaya et al. (2008) , Yi et al. (2012) , Srinivas et al. (2013) and Lee et al. (2014) on the basis of new data obtained on the cell size, the DNA G+C content range, polar lipid profiles, the major respiratory quinone, gliding motility and enzyme activities. At the time of writing, the genus Lacinutrix comprises seven species with validly published names. Most species of the genus Lacinutrix were recovered from polar maritime environments. Thus, Lacinutrix algicola and Lacinutrix mariniflava were isolated from an Antarctic unidentified red alga, Lacinutrix copepodicola was associated with the coastal saline lake-dwelling, calonoid copepod Paralabidocera antarctica (Bowman & Nichols, 2005; Nedashkovskaya et al., 2008) , and Lacinutrix himadriensis and Lacinutrix jangbogonensis were isolated from sediment samples collected from Arctic and Antarctic areas, respectively (Srinivas et al., 2013; Lee et al., 2014) . The two described species of the genus Lacinutrix that dwell in warmer seas are Lacinutrix undariae, isolated from a brown alga Undaria pinnatifida reservoir on the East China Sea (China) (Park et al., 2015) , and Lacinutrix gracilariae associated with the red alga Gracilaria sp., collected from the South Sea (South Korea) (Huang et al., 2016) . In the course of a survey of bacterial diversity of the green alga Cladophora stimpsonii, a common inhabitant of the Sea of Japan (also known as the East Sea), a heterotrophic, aerobic, yellow-pigmented strain was isolated. Phylogenetic analysis based on 16S rRNA gene sequences revealed that this novel isolate belonged to the family Flavobacteriaceae and formed a distinct lineage within the genus Lacinutrix. In the present study we report the isolation and precise taxonomic identification of this novel strain belonging to the genus Lacinutrix on the basis of phylogenetic, genotypic and phenotypic characteristics.
Strain 7Alg 4
T was isolated from the green alga Cladophora stimpsonii collected from Troitsa Bay, Gulf of Peter the Great, Sea of Japan as described previously (Nedashkovskaya et al., 2013) . After primary isolation and purification, the strain was cultivated at 28 C on the same medium and stored at -80 C in marine broth (Difco) supplemented with 20 % (v/v) glycerol.
Genomic DNA was extracted according to the simple and rapid method of Chen & Kuo (1993) . The 16S rRNA gene was amplified with universal bacterial primers: 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-TACGGCTACCTTGTTACGACTT-3¢). Then, four primers including two additional internal primers of 785F (5¢-GGATTAGATACCCTGGTA-3¢) and 518R (5¢-GTAT-TACCGCGGCTGCTGG-3¢) were used as a primer to sequence the nearly full length 16S rRNA gene. To reconstruct a phylogenetic tree based on 16S rRNA gene sequences, phylogenetic neighbours were selected by comparing the gene against the database containing type strains with validly published prokaryotic names implemented in the EzTaxon server (Kim et al., 2012) . The retrieved 16S rRNA gene sequences of the related strains were aligned with the CLUSTAL W program (Thompson et al., 1994) . Phylogenetic trees were reconstructed using MEGA version 6 (Tamura et al., 2013) according to the neighbour-joining and maximum-likelihood methods (Saitou & Nei, 1987; Felsenstein, 1993 ). Kimura's 2-parameter model was used as a substitution model. The topology of the phylogenetic trees was evaluated by performing a bootstrap analysis with 1000 bootstrapped trials (Felsenstein, 1985) .
An almost-complete 16S rRNA gene sequence (1478 nt) of strain 7Alg 4 T was determined. Phylogenetic analysis revealed that the novel strain is a member of the family Flavobacteriaceae, class Flavobacteriia, phylum Bacteroidetes and formed a distinct evolutionary lineage within the genus Lacinutrix. In the neighbour-joining tree based on 16S rRNA gene sequences, strain 7Alg 4 T was located in the cluster comprising species of the genus Lacinutrix with a high bootstrap confidential level (Fig. 1) . Similar topologies were found in tree generated with the maximum-likelihood algorithm (data are not shown). The 16S rRNA gene sequence similarity between strain 7Alg 4 T and the recognized species of the genus Lacinutrix ranged from 95.1 to 98.1 %, with highest sequence similarity to L. himadriensis KCTC 23612 T (98.1 %). Strain 7Alg 4 T formed a robust cluster with the type strains of L. himadriensis, L. gracilariae and L. copepodicola (Fig. 1) . The phylogenetic analysis revealed that Flavirhabdus iliipiscaria KCTC 32141 T had 97.0 % 16S rRNA gene sequence similarity with strain 7Alg 4 T and 94.8-97.2 % with the recognized species of the genus Lacinutrix. These observations support the reclassification of this species to the genus Lacinutrix.
DNA was isolated following the method of Marmur (1961) and the DNA G+C content was determined by the thermal denaturation method (Marmur & Doty, 1962 T and its closest relatives were prepared according to the methods described by Sasser (1990) using the standard protocol of the Sherlock Microbial Identification System (version 6.0; MIDI) and analysed on a Shimadzu GC-21A chromatograph equipped with a fusedsilica capillary column (30 mÂ0.25 mm) coated with Supercowax-10 and SPB-5 phases (Supelco) at 210 C. Cellular fatty acids were identified by using equivalent chain-length measurements and comparing the retention times to those of authentic standards. The polar lipids of strain 7Alg 4 T and the reference strains were extracted using the chloroform/methanol method of Bligh & Dyer (1959) . Twodimensional TLC of polar lipids was carried out on Merck Kieselgel 60-HPTLC (6Â6 cm) using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension, and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second dimension (Collins & Shah, 1984) . The spray reagents used to reveal the spots were 10 % sulfuric acid in methanol, molybdate reagent, ninhydrin and anaphthol. Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v) and purified by TLC, using a mixture of n-hexane and diethyl ether (85 : 15, v/v) as the solvent. Isoprenoid quinone composition was characterized by HPLC (Shimadzu LC-10A) using a reversed-phase type Supelcosil LC-18 column (15 cmÂ4.6 mm) and acetonitrile/2-propanol (65 : 35, v/v) as a mobile phase at a flow rate of 0.5 ml min À1 as described previously (Komagata & Suzuki, 1987) . The column was kept at 40 C. Quinones were detected by monitoring at 270 nm and were identified
Gelidibacter algens T , representatives of the genus Lacinutrix and related genera of the family Flavobacteriaceae. The phylogenetic tree was reconstructed using the neighbour-joining method. Bootstrap values >70 % (based on 1000 replicates) are indicated at branch points. GenBank accession numbers are shown in parentheses. Capnocytophaga ochracea ATCC 27872 T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position. . All data are from this study unless indicated otherwise. The DNA G+C contents of the reference strains are from the original references. All strains were positive for: respiratory type of metabolism; gliding motility; alkaline phosphatase, valine arylamidase, catalase and oxidase activities; gelatin hydrolysis; utilization of maltose and mannose; susceptibility to chloramphenicol, erythromycin, lincomycin, ofloxacin, oleandomycin and vancomycin, and resistance to kanamycin and polymixin. All strains were negative for: hydrolysis of agar and chitin; a-chymotrypsin and N-acetyl-b-glucosamine activities; and citrate utilization. +, Positive; À, negative; W, weakly positive. 
L-Arabinose, cellobiose, D-fructose, glucose, D-lactose, mannose, L-rhamnose, raffinose, ribose, sucrose, glycerol The predominant fatty acids of strain 7Alg 4 T were iso-C 15 : 1 G, iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH and C 15 : 0 (Table 2 ). The fatty acid profile of the novel isolate resembled those of the type strains of species of the genus Lacinutrix and Flavirhabdus iliipiscaria but several differences in the proportions of some fatty acids were found ( Table 2 ). The polar lipid profile of strain 7Alg 4
T was composed of phosphatidylethanolamine, three unidentified aminolipids and four unidentified lipids (Fig. 2) . It differed from those of L. copepodicola CIP 108538
T by the presence of the unidentified lipids L2 and L4 and the absence of an unidentified phospholipid (Fig. 2) . The presence of the unidentified lipids L2 and L4 distinguished strain 7Alg 4 T from L. himadriensis KCTC 23612 T (Fig. 2) . Also, the absence of an unidentified aminolipid AL3 and an unidentified lipid L2 separated the strain under study from L. gracilariae KCTC 42808
T and Flavirhabdus iliipiscaria KCTC 32141 T (Fig. 2) . It should be noted that the polar lipid composition of the type strains of the last two species were identical to each other; this fact along with the similarity in the fatty acid profiles may be considered as an additional argument for the reclassification of Flavirhabdus iliipiscaria to the genus Lacinutrix. The single respiratory quinone of the novel strain was menaquinone 6 (MK-6), in line with all other members of the genus Lacinutrix and the family Flavobacteriaceae (Bernardet et al., 2002) .
Phenotypic analysis was performed by using previously described methods (Nedashkovskaya et al., 2015) . Production of flexirubin-type pigments was determined using the 20 % KOH test as described by Fautz & Reichenbach (1980) . Physiological and biochemical properties of the novel isolate were also tested using the API 20E, API 20NE, API 50CH and API ZYM systems (bioM erieux), according to the manufacturer's instructions except that the galleries were incubated at 28 C. Susceptibility to antibiotics was examined by the routine diffusion plate method. Discs were impregnated with the following antibiotics (µg per disc unless otherwise stated): ampicillin (10), benzylpenicillin (10 U), carbenicillin (100) T are given in the species description and in Table 1 . Cells of the strain were strictly aerobic, Gram-stain-negative, motile by gliding, rod-shaped and yellow-pigmented. They were sensitive to carbenicillin, cefalexin, chloramphenicol, doxycycline, erythromycin, lincomycin, oleandomycin, nalidixic acid, ofloxacin, rifampicin and vancomycin, and resistant to ampicillin, benzylpenicillin, cefazolin, gentamicin, kanamycin, neomycin, oxacillin, polymyxin B, streptomycin and tetracycline. The novel isolate demonstrated common properties which are characteristic for species of the genus Lacinutrix but it can be clearly discriminated from them by sets of phenotypic characteristics shown in Table 1 . Flavirhabdus iliipiscaria KCTC 32141
T also possessed many phenotypic traits found in the representatives of the genus Lacinutrix, but several findings including the ability to produce indole and to hydrolyse casein and urea can be helpful for distinguishing Flavirhabdus iliipiscaria KCTC 32141
T from other species of the genus Lacinutrix. The above-mentioned data supported placement of Flavirhabdus iliipiscaria to the genus Lacinutrix as a separate species.
Consequently, on the basis of these phylogenetic, genotypic, chemotaxonomic and phenotypic data, we suggest that strain 7Alg 4 T should be classified as representing a novel species of the genus Lacinutrix, for which the name Lacinutrix cladophorae sp. nov. is proposed. Furthermore, the high level of 16S rRNA gene sequence similarity of Flavirhabdus iliipiscaria to the recognized species of the genus Lacinutrix (94.8-97.2 %) along with the resemblance in fatty acid and polar lipid profiles and the DNA G+C content support the reclassification of Flavirhabdus iliipiscaria to the genus Lacinutrix as Lacinutrix iliipiscaria comb. nov. An emended description of the genus Lacinutrix is also provided due to the newly obtained data.
Description of Lacinutrix cladophorae sp. nov.
Lacinutrix cladophorae (cla.do¢pho.rae. N.L. gen. fem. n. cladophorae of/from Cladophora, the genus name of Cladophora stimpsonii, the host of the organism). Shakeela et al. (2015) .
Lacinutrix cladophorae sp. nov.
Cells are Gram-stain-negative, strictly aerobic, motile by gliding and rod-shaped (0.4-0.5 µm in diameter and 1.2-2.3 µm in length). On marine agar, colonies are 2-3 mm in diameter, circular, with entire edges, shiny and yellow. Growth occurs at 4-32 C (optimum 25-28 C), at pH 5.5-9.5 (optimum pH 7.5) and with 1-5 % NaCl (optimum 2.5-4.0 %). Arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase activities are absent. Gelatin, starch and Tween 80 are hydrolysed but agar, casein, DNA, urea, chitin and Tweens 20 and 40 are not hydrolysed. Acid is produced from maltose and mannitol, but not from L-arabinose, cellobiose, D-fructose, D-galactose, D-glucose, lactose, D-mannose, melibiose, raffinose, L-rhamnose, ribose, sucrose, trehalose, D-xylose, Nacetylglucosamine, glycerol, inositol, sorbitol and citrate. L-Arabinose, D-glucose, lactose, D-mannose, sucrose and sorbitol are utilized as sole carbon source. Nitrate is not reduced to nitrite. Hydrogen sulphide, indole and acetoin are not produced. Flexirubin-type pigments are formed. In the API 20E gallery, positive result for for gelatin hydrolysis. In API 20NE tests, positive results are obtained for aesculin and gelatin hydrolysis. In API 50CH tests, positive result is obtained for aesculin only. In the API ZYM gallery, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, cystine arylamidase, valine arylamidase, acid phosphatase, naphtol-AS-BI-phosphohydrolase and a-glucosidase activities are present; but lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, amannosidase and a-fucosidase activities are absent. The predominant fatty acids (>5 %) are iso-C 15 : 1 G, iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH and C 15 : 0 . The polar lipid profile consists of phosphatidylethanolamine, three unidentified aminolipids and four unidentified lipids. The major respiratory quinone is menaquinone 6 (MK-6). The description of the species is as given by Shakeela et al. (2015) for Flavirhabdus iliipiscaria with the following amendments. Cells are Gram-stain-negative, aerobic, rodshaped, motile by gliding, oxidase-and catalase-positive. Flexirubin-type pigments are produced. The major polar lipids are phosphatidylethanolamine, two unidentified aminolipids and three unidentified polar lipids.
The type strain is Th68 T (=JCM 18637 T =KCTC 32141 T ). Lacinutrix [La.ci.nu¢trix. L. n. lacus lake; L. fem. n. nutrix feeder; N.L. fem. n. Lacinutrix lake feeder (in the sense of being basically important for the food chain)].
Emended description of the genus Lacinutrix
Cells are Gram-negative, aerobic, straight or slightly curved rods or coccoid and golden-yellow, orange or orange-yellow pigmented, approximately 0.2-0.8 µm in width and 0.3-3.0 µm in length Most strains are motile by gliding. Do not form resting cells or spores. Strictly aerobic and chemoheterotrophic. Oxidase and catalase activities are positive. Some strains can produce arginine dihydrolase. Flexirubin pigments can be formed. The DNA G+C content range is 29-37 mol%. Major fatty acids include iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 15 : 1 G, anteiso-C 15 : 1, C 15 : 0 , iso-C 15 : 0 3-OH and iso-C 17 : 0 3-OH. The polar lipids are phosphatidylethanolamine, three unidentified aminolipids, one unidentified phospholipid, one unidentified aminophospholipid, one unidentified glycolipid and five unidentified lipids. The major respiratory quinone is MK-6. According to 16S rRNA gene sequence analysis, is a member of the family Flavobacteriaceae, class Flavobacteriia, phylum Bacteroidetes.
The type species is Lacinutrix copepodicola. T (e). PE, phosphatidylethanolamine; AL1-3, unidentified aminolipids; L1-4, unidentified lipids; PL, unidentified phospholipid.
